Two chain-like coordination polymers, namely, {[Zn(saes)(4,4'-bipy)(H 2 O)]·H 2 O} n (1) and {[Cd (Hsaes) 2 (4,4'-bipy)(H 2 O) 2 ]·2H 2 O} n (2), where H 2 saes = 2-(2-hydroxybenzylideneamino)ethanesulfonic acid and 4,4'-bipy = 4,4'-bipyridine, have been synthesized and characterized by singlecrystal X-ray diffraction, IR spectroscopy, elemental, thermogravimetric and photoluminescence analysis. X-Ray diffraction analyses indicate that 1 and 2 display octahedral metal centers with N 3 O 3 and N 2 O 4 donor sets, respectively. The Schiff base serves as a common N,O,O'-tridentate ligand in 1, and as a unique O-monodentate ligand in 2. In the crystal, both 1 and 2 form a 3D supramolecular architecture by O-H· · ·O, C-H· · ·O interactions or π· · ·π stacking. The thermal and solid-state photoluminescence properties of both complexes have been investigated.
Introduction
In the past decades, the research on Schiff bases has gained considerable interest due to a diverse range of applications, such as liquid crystals [1] , heterogeneous catalysts [2] and organic synthesis [3, 4] . Various Schiff base ligands have been studied in coordination chemistry [5 -19] , aiming at a better understanding of chemical and structural factors in physics, biology and chemistry [20 -23] . Furthermore, transition metal complexes of Schiff bases containing both sulfur and amino acid functionality have received considerable attention due to their anticancer, antibacterial and antiviral activities [23] . 2-Aminoethanesulfonic acid, known as taurine, a non-protein amino acid containing sulfur which is indispensable to human beings and animals, plays an important part in physiological functions.
The coordination modes of the taurine Schiff base have been scarcely studied. Recently, Jiang's and Vittal's groups were interested in tridentate Schiff base ligands, specifically 2-(2-hydroxybenzylideneamino)ethanesulfonic acid, and they found that the Schiff base derived from taurine has manifold coordination modes [16, 23 -26] . The most common coordination modes are tridentate and bidentate, while monodentate is very rare. Moreover, sulfonate ligands have been much less studied since they are weakly coordinating ligands [3] . In fact, the sulfonate group, as a tetrahedral oxygen-donating building block, may bridge sites of coordination polymer chains to dictate the interchain geometry. Following the above consideration and ongoing work in this field, we present the synthesis and structures of the compounds {[Zn(saes)(4,4'-bipy)(H 2 O)]·H 2 O} n (1) and {[Cd(Hsaes) 2 (4,4'-bipy)(H 2 O) 2 ]·2H 2 O} n (2) (Scheme 1), which have been structurally characterized by single-crystal X-ray diffraction, and their thermal stability and luminescence properties. The Xray crystal structure analysis of 1 has demonstrated that the taurine Schiff base ligand acts as a tridentate moiety, coordinating through the phenolato oxygen, imine nitrogen, and sulfonate oxygen atoms. However, a unique coordination mode of the Schiff base ligand appeared in 2, where it acts in a monodentate fashion via one of the sulfonate oxygen atoms.
Results and Discussion
The crystal and molecular structure of {[Zn(saes) (4,4'-bpy 
The single-crystal X-ray diffraction analysis revealed that 1 is a 1D coordination polymer, whose asymmetric unit is comprised of one Zn 2+ , one doubly deprotonated tridentate chelating H 2 saes, i.e. saes 2− , one 4,4'-bipy, one H 2 O ligand and an interstitial solvate water molecule (Fig. 1a) . The Zn(II) ion is hexacoordinated with O1, O2 and N1 atoms from saes 2− , N2 and N3A atoms from two different µ 2 -bridging 4,4'-bipy ligands, and O1W from a water molecule, displaying a distorted octahedral geometry (Fig. 1a and Table 1 The Schiff base ligand (saes 2− ) is coordinated meridionally to Zn via its imine N and deprotonated phenolate and sulfonate oxygen atoms, forming two edge-sharing six-membered chelate rings (Scheme 1). The ring containing Zn1-O1-C1-C6-C7-N1 is planar (mean r. m. s. deviation of 0.0446Å), and the ring containing the sulfonate group has an envelop conformation with C9 maximally deviating from the Zn1-N1-C8-C9-S1-O2 plane by 0.50Å. The O-C1-C angles are markedly unsymmetrical (119.9(3) and 123.2(3) • ) as a result of the chelating coordination. Furthermore, the substituents at the N1-C7 bond form an eclipsed conformation, as noted from the C6-C7-N1-C8 torsion angle of 179. (Fig. 1b) . A Zn· · ·Zn separation of 11.47 (2)Å is found between the neighboring [Zn(saes)(H 2 O)] repeating units.
The chains interact with each other into reverse alternate arrangements shown in Fig. 1c . The neighboring 1D coordination polymers are connected by pairs of intermolecular O-H· · ·O hydrogen bonds of the coordinating phenolate, the uncoordinated sulfonate and coordinating water O atoms (O1, O4, O1W), resulting in a layer structure parallel to the (110) plane ( Fig. 1c and Table 2 ). The shortest Zn· · ·Zn distance of 5.10(2)Å is observed between neighboring chains. In addition, the neighboring layers are linked by nonclassical intermolecular C-H· · ·O hydrogen bonds of phenolate and sulfonate oxygen atoms (O1, O2 and O3) with C· · ·O distances in the range 3.054(4) to 3.318(4)Å. However, their contribution to the overall lattice energy must be very small. Thus a supramolecular 3-D network fragment is formed by O-H· · ·O and C-H· · ·O interactions and stabilizing the coordination polymer.
The crystal and molecular structure of {[Cd(Hsaes) 2 (4,4'-bpy)(H 2 O) 2 ]·2H 2 O} n (2)
The single-crystal X-ray diffraction analysis has revealed that 2 is also a 1D coordination polymer, whose asymmetric unit is comprised of one Cd 2+ , one 4,4'-bipy, two Hsaes − , two H 2 O ligands, and two solvate water molecules (Fig. 2a) . Each Cd atom is octahedrally coordinated and located at a center of symmetry ( Fig. 2a and Table 1 The Schiff base ligand Hsaes − is monodentately coordinated to Cd via its deprotonated sulfonate oxygen atom. To the best of our knowledge, monoden- (Fig. 2b) . A Cd· · ·Cd separation of 11.65(2)Å is observed for adjacent [Cd(Hsaes)(H 2 O)] 2 units. In the crystal structure, an intramolecular O-H· · ·N hydrogen bond produces an S 6 -ring motif through the uncoordinated Schiff base N atom (acceptor) and the unprotonated phenolic hydroxyl group (donor). By contrast, the water molecules and sulfonate groups participate in intermolecular O-H· · ·O hydrogen bonds (Table 2) , which link the chains in reversely alternating parallel arrangements, defining a 3D hydrogenbonded network and supporting the supramolecular architecture (Figs. 2c and 2d) . Furthermore, two significant interchain π stacking interactions are observed. C-H··π interactions interlink adjacent chains with H(11)· · ·centroid distances of 2.97Å between flanking phenyl rings, forming an interdigitated packing motif. The phenyl rings of Hsaes − and pyridyl rings of the 4,4'-bpy ligands of neighboring chains are interdigital to each other, and there are face-toface π· · ·π-stacking interactions with a centroid-tocentroid distance of ca. 3.87Å. Thus, these layers are extended into an interwoven 3D supramolecular architecture through C-H··π and π· · ·π interactions, which further support the hydrogen-bonded (O-H· · ·O) network (Figs. 2e and 2f) .
Clearly, the structural differences between 1 and 2 are mainly due to the taurine Schiff base coordination modes at different metals, and the different deprotonation state of the taurine Schiff base. In compound 1, the coordination sphere at the Zn(II) center is a distorted octahedral geometry, but the coordination environment of the Cd(II) center has an ideal octahedron in 2. In addition, a 3D supramolecular architecture is formed by O-H· · ·O and C-H· · ·O hydrogen bonds interactions in 1, but through O-H· · ·O as well as C-H· · ·π and π· · ·π stacking in 2.
Thermogravimetric analyses of 1 and 2
In order to explore the thermal stability of these materials, TG studies have been performed in nitrogen at a heating rate of 10 • C min −1 between 20 and 900 • C. For compound1, a weight loss of 7.4 % was observed below 115 • C, which is attributed to the release of the coordinating and free water molecules (calcd. 7.5 %). Then the decomposition of the framework occurred at about 230 • C (Fig. 3) 
Fluorescence properties of 1 and 2
The d 10 metal coordination polymers are widely investigated nowadays for their photoluminescence properties and potential applications as fluorescenceemitting crystalline multifunctional materials, due to their high thermal stability and the possibility to affect the emission wavelength of the modified organic ligand via metal coordination [27 -29] . Therefore, solidstate emission spectra of the Zn(II) and Cd(II) coordination polymers 1 and 2 have been investigated at r. t. As depicted in Fig. 4 , compound 1 exhibits an intense emission with a maximum at 490 nm upon photoexcitation at 360 nm. The intense emission of the coordination polymer 2 was observed in the range of 350 -450 nm. To understand the nature of the emission bands, the free ligand was investigated in the solid state at room temperature. An intense emission peak at 420 nm upon excitation at 360 nm is observed in the range of 350 -450 nm, which is attributable to π-π * transitions. Compared with the free ligand, the band of 1 has a different shape and position representing a strong blue emission at 490 nm. The red-shift can be attributed to coordination of the ligands to Zn centers, which results in an increase of the delocalization of π electrons and reduces the energy gap between the π * and π molecular orbitals of the ligand [30, 31] . The enhanced emission intensity of 2 comes from two parts. One is the coordination effect [32] , and the other is hydrogen bonding [33] . Compared with the free ligand, 2 has a similar band shape and position with high intensity. The emission of 2 is neither a metal-to-ligand charge transfer (MLCT) nor a ligand-to-metal charge transfer (LMCT), because there is no blue or redshift observed, but may be assigned to intraligand (π-π * ) emission, namely, ligand-to-ligand charge transfer (LLCT). The fluorescence enhancement for 2 is mainly due to hydrogen bonding [34] .
Conclusions
We have synthesized two new 1D Zn(II) and Cd(II) coordination polymers with a Schiff base ligand containing a taurine moiety. Both complexes exhibit chains of their building blocks to construct 2D and 3D supramolecular frameworks by O-H· · ·O hydrogen bonds or π-π stacking. The H 2 saes ligand coordinates to the metal cations in different fashions: saes 2− in 1 can be described as a O',N,O-tridentate chelating ligand, while Hsaes − in 2 is in a rare O-monodentate mode.
Experimental

Materials and physical methods
All starting chemicals were commercially available and used as received without further purification. Elemental analyses (C, H, N) were performed on a Perkin-Elmer 2400II elemental analyzer. FT-IR spectra were recorded from KBr pellets in the range of 4000 -450 cm −1 on a Bio-Rad FTS-7 spectrometer. Thermogravimetric analyses (TGA) were performed under nitrogen with a heating rate of 10 • C min −1 using a Netzsch STA 449C thermogravimetric analyzer. Fluorescence spectra were obtained from a 970CRT spectrofluorophotometer.
Synthesis of {[Zn(saes)(4,4'-bpy)(H 2 O)]·H 2 O} n (1)
H 2 Saes (0.115 g, 0.5 mmol) dissolved in distilled water (5 mL) was added dropwise to a stirred solution of Zn(CH 3 COO) 2 ·2H 2 O (0.11 g, 0.5 mmol) in water (10 mL). For this solution, the pH value was adjusted to 7.5 with NaOH (1.0 M), and the resulting mixture was stirred at 333 K for 3 h. Then 5 mL of a methanol solution of 4,4'-bipyridine (0.078 g, 0.5 mmol) was added slowly, and the reaction continued for 6 h. The mixture was cooled to r. t. and filtered. The filtrate was allowed to slowly concentrate by evaporation at r. t. Two weeks later, colorless block-shaped crystals suitable for X-ray structure analysis were obtained in a yield of 10 % (based on Zn). 
Synthesis of {[Cd(Hsaes) 2 (4,4'-bpy)(H 2 O) 2 ]·2H 2 O} n (2)
H 2 Saes (0.229 g, 1 mmol) dissolved in distilled water (10 mL) was added dropwise to a stirred solution of Cd(CH 3 COO) 2 ·2H 2 O (0.5 mmol, 0.133 g) in water (10 mL). This solution had a pH value of 4.5 and was stirred at 333 K for 3 h. Then 5 mL of a methanol solution of 4,4'-bipyridine (0.078 g, 0.5 mmol) was added slowly, and the reaction continued for 6 h. The mixture was cooled to r. t. and filtered. The filtrate was allowed to slowly concentrate by evaporation at r. t. Two weeks later, colorless block-shaped crystals suitable for X-ray structure analysis were obtained in a yield of 20 % (based on Cd). Table 3 . Crystal structure data for 1 and 2.
- 
X-Ray crystallographic studies
Single-crystal data collections were carried out on a Bruker Smart Apex II CCD diffractometer with graphitemonochromatized MoK α radiation (λ = 0.71073Å) at 296(2) K. The structures were solved with Direct Methods using SHELXS-97 [35] , and structure refinements were performed against F 2 using SHELXL-97 [36] . All non-hydrogen atoms were refined with anisotropic displacement parameters. Carbon-bound H atoms were placed in calculated positions (d C−H = 0.93 -0.97Å) and were included in the refinement in the riding model approximation, with U iso (H) set to 1.2U eq (C). The water and hydroxyl H atoms were located in a difference Fourier map, and were refined with distance restraints. Their temperature factors were tied to those of the parent atoms by a factor of 1.5. Further details of the structure determinations are summarized in Table 3 .
CCDC 614217 (1) and CCDC 629383 (2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
